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Kinds of Tune-based Tools

L N N — ]
 Tools to Diagnose Halo-forming conditions

Tools to Avoid Halo formation
* Tools to Diagnose existing Halo

 Tools to Remove Halo
* Gap cleaning

* Halo cooling

« 777
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‘Applicable’” Mechanisms

Tune related halo formation mechanisms

Mismatch fast

Resonances

e-cloud effects

Instabilities
Beam-beam v
Tune modulation slow
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Mismatch - IPM

[ e —
dipole spectrum

1.50-

h Dipole spectrum - FFT of 128
turns of fitted beam position.

0.50 Data shows vertical tune of 0.32
A J L and horizontal tune of 0.13.

1.00

0.00=, | | | | |
0.0 0.1 0.2 0.3 0.4 0.5

quadrupole spectrum

0.050-

Quadrupole spectrum - FFT of 128
turns of rms beam width. Betatron 010
frequency = 0.32, so quadrupole 0 020~
frequency = 0.64, which appears at 0.010_1

the aliased frequency of 0.36 T

0.0 0.1 0.2 0.3 0.4 0.5
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Mismatch - Quadrupole Monitor
[ AN

Jansson et al - BIW02
Loops couple to radial
magnetic field

%]

Injection oscillations -
comparison of SEM

and QMM data
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Resonant Quadrupole Monitor

Capacitor tuning
Stubl Stubl

| . Matching
25cm Matching Network 25cm

/2 Metwork | Cahlgl 1/2
Hybrid w2 Hybrid

Stub3 total <+ Stub3

B 4 B B e MB

total total
Stub2 Stub2
Stub2
MEB MB
_ 3 4
l 2

General Tuning Scheme

Above - schematic of quadrupole mode
resonated BPM
At left - dipole mode transmission-line

resonated stripline BPM
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Resonant Quadrupole Monitor
[T AN

12 Mar 20683 13:4@8:17
CHI] 5441 LOG 5 dBE/REF 5 dB 1:-258.671 dBE 117.452 588 MH=

T Measured Q ~ 60 at

1174575

. 108MHz (but large orbit
offset, 70 degree striplines)

i

CH2 Si2 LOG S dB/REF -34.93 dE 1:-49.,189 dB 117.452 SEA MH=

=]

START 10B.60E ARE MHz STOF ZEE.BEE BEE MHz

Instability at injection
- revolution, betatron,
and quadrupole lines
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‘Applicable’” Mechanisms

*  Mismatch fa St
e Resonances

e e-cloud effects

 Instabilities

e Beam-beam v
e  Tune modulation slow
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Resonances

o e S R
What drives beam onto Resonances?

e Tune
 Space Charge
Chromaticity (tune spread)

e Non-linearities

 Coupling
o 777
Islands
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ev-batstart (V1)

ev—ygammat. (1)

gloopTune. bh: tuneBuf FHL L 1268520 (Y1)
B.wertical.tune, . lst,.peak, 268513 (Y1)

Time

ev—accranp (Y1)
ev—boanmat (Y1)
ev—flattop (¥1)

qLoopTune  bv:tuneBuffH[, 1268551 (Y1)

+

—a— [P horizontal  tune, . lst.peak ,2685:2 (Y1)
—a—  ey-stone (V1)
ev—ygtstart (Y1)

——oe—  blulCCTtotal -Deuterons2685:8 (V2]




| Tue Dec 24 00:53:09 - Tue Dec 24 01:00:13

Window Ewvent

=11

0,241 -

0,231 -

0,221 -

0,211 -

Blue (

-.Q%I

deuterons) Ramp with Tune Feedback RHIC 2003

ne measurement

00:53:15 00:53:45 00:54:15 00:54:45  00:55:15 00:55:45 00:56:15  00:56:45 00:57:15  00:57i45 00:58:15 00:58:45 00:59:15 00:53:45

transition flattop
—— qglLoopTurne.bhituneBuffHL, 125502150 (¥1) —— qgloopTune.bvituneBuffH[, 125605151 (Y1) —e— horizontal.tune, . lst,peak, 25503152 (Y1)
—&—  vertical,tune, ,lst, peak, 25603163 (Y1) —a— eyv—Flattop (Y1) ev—stone (Y1)
—a— ev-bgammat (¥1) ev-botstart (Y1)} —&— ev-accramp (Y1)
——&—  blulCCTtotal-Deuterons2GG0: 154 (¥2)

qLoopTune.bh:tuneBuffbi[.] successfully displayed
qLoopTune.bv:tuneBuffi[.] successfully displayed




What about Emittance Growth?
I ]

Ed Thu Hau 15 06:39:23 - Thu Hay 15 07:06:06
Window Event

» 50

re
=3

PLL amplitude and
phase, and beam loss

rate [%/hr]

Percentage Beam Lost per Hour

) Polarization |
 measurement|

——— qgloopTune,uh:iBuffhvehl.13714:13 (Y1) — qloopTune,uhi unFFM[ 13714:14 (Y1) ——— qloopTune.yv:iBuffAvgM[.]3714:15 (Y1)
= qLoopTune,uviqBuffivahl. 13714:16 (Y1) YellouDecay3714:17 (Y2)

Acceleration and

24 = hetakqueeze /| /| /| 00 o .
oets hauecze /| Rotator ramp
i ; Kicked and PLL
: - : e 1 : :
= o5 B tune measurement
22 omf |
06:40:00 06:42:00 06:44:00 06:46:00 06:48:00 06:50:00 06:52:?9 06:54:00 06:56:00 06:58:00 07:00:00 07:02:00 07:04:00 07:06:00 1 3
——— qloopTune,yh:tuneBuffH[.13714:9 ——— qloopTune,yv:tuneBuf fH[, ]13714:10

Y.horizontal . tune, 1st, peak,3714:11 Y.vertical, tune, lst peak, 3714:12



SNS Ring Tune Footprints -

blue dot is coherent tune
I e

6.25 halo 6.25 halo
o 62| 62|
= & - A8
E E
q 6.15] E 6.15
-'= h—
o 5
= 6.1} = 6.1
o core
6.05 | COI%..' " 6.05 | -~
< okl | | =
605 6.1 6.15 62 625 605 61 615 62 625
horizonial tune horizontal tune
Footprints for 3 intensities Footprints after 263, 526,
(0.1, 1, and 2x10'4) at cycle end and 1060 turns, 104 beam
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Beam Transfer Function

800.0-
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| hh
500.0 S

hrotron lan
1Irultyviiioa

LS S

2000
1000 WW . \\ Reoavaliitian line T
: w ’ 1\ INCUVUOUITULLIUILL 11T

0.0 I
i
-100.0 Il o] w .
LK Ul
-200.0 a \
2000 I
«wo- This PLL excites small subset of momentum distribution — \ N
-500.0 AS WAl \’ |

What 1s measured probably most closely resembles
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Resonances
[

What drives beam into Resonances?
e Tune

 Space Charge

Chromaticity (tune spread)
 Non-linearities

Coupling
o 777
Islands
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Chromaticity

Window Event

Chromaticity from kicked and
PLL tunes

0,23

0,22
= Sat May 03 04:47:47 - Sat May 03 13:54:38 EE
Window Event
6]
0.2

12116130 12116130 13117130 13118130 13118130 13120130 13121130 13122130 13123130
Time

qLoopTune.yhztuneBufFHL, 13320:21 qloopTune.yvztuneBufFH[.]3320:22
—e— Y. horizontal.tune,.lst.peak,3320:23 —=— Y.wertical.tune..lst peak,3320:24

Chromaticity thru an 8hr store
from Schottky

Montauk May 03 0500 05330 0B:00  0B:30 0700 0730 08:00  08:30  09:00  09:30  10:00  10:30  11:00 11330 12:00  12:30  13:00  13:30

Time

—=—  Schotthky.Horz. BluzchronttzvaluefindT ime3612: 44 Schatthy. Yert . BluchrontisvaluefindT ime3612: 45 Schottky.Horz, el tchrontisvaluefindT ime3612: 46
——  Schotthy.Vert.felichroniivalusfindTine3612:47  —e—  ev-udunp —e— cv-bdump
—— ev-endranp —e— ev-luni




Fit Dependence of Chromaticity

Fri Apr 25 13:46:29 — Fri Apr 25 14:01:36

Window Event

0,220

02201

0,245 -
24 0,240 :
. 4
01,2351 :

2 3 0,230 :

° :

—s—  SchottkyBluHorstunelvalusAndTine3545: 18
Schottky,Horz, Yel ttunel:valuefindTime3545: 20

Schottky, Vert  Blustunet:valuefndTine3545:19
—&—  Schottky,Vert,Yel ttunet:valuefndTime3045: 21

1 2nd order 6th order

13146130 12347130 13348:30 13149330 13:60130 13351330 13;52:30 13363330 13154130 13:65;30 13:56:30 13357330 13:58:30 13359330 14300130 14301330

Time

——&—  Schottky,Horz, Bluichromt:valuefndTime3545: 14
Schottky,Horz, Yel tchromi tvalueAndTime3545: 16

Schottky, Vert  Bluzchront:valueAndTine3545:15
—+—  Schottky,Vert,Yel schromt:valueAndTine3545117

tfune

chromaticity

18



Non-linear chromaticity — two methods
I v

i e (ol x| ;Graphlc Microsoft Internet Explurer

Setup Logging Diagnostics | File Edit Wiew Favorites Tools  Help
Wed Jan 15 2003
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qLoopTune, yh: tuneBuf FH[*]
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qLoopTune, bh:iBuffAval, 12695296
gqLoopTune, buw:qBuf FAvaML , 1269539

ev—hgammat

qLoopTune bl qBufFAvakl , 12635297
—a— ey-flattop
—8— ey-accramp

/ trar;sﬂmn
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13:50:00

gloopChram, bhichromBufFH[ , 12695392
gLoopChram, byt chronEreorBuf ML, 1269595
—a— ev-hbgammat

13150520
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—a— ey-flattop
—e—  ev-accranp
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ev—stane

gLoopChrom, byt chromBuf F:valuel , 12695294




Nonlinearity Correction

F. Pilat - PAC2003

Purpose - improve dynamic
aperture

IR Triplet quads are main
source of nonlinearity

Method - measure tune while

ramping a bump in the triplet,

adjust correctors

Montauk May 03
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Resonances
[

What drives beam into Resonances?
e Tune

 Space Charge

Chromaticity (tune spread)
 Non-linearities

 Coupling
o 777
Islands

Montauk May 03 73



W% BARCSkewluadrupoles720Hz, mon  FPH User 2 I - 0] x|
File Setup Logging Diagnostics

Wed Jan 22 2003 Blue skew quadrupole (families)

Suggested by T. Roser
R
0,5}
U,d:
U+3:
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0,1 ..T.‘..."“:\i
0,04 '

~0 1 Tk b
B R r
_0+2_ﬁﬂbﬁﬂ#l

0,31
0,41
_0.5]
0.5]

Skew quad corrector current [A]

Nh:hEG3 Nh:hEhd Nh:hErGh Nh:hEGE 05:0E L7 o565 Nh:BE:53
time of day

2Hz skew quad modulation, two families, 180 deg phase

bil-gs-p=z,current

boZ-gqz-p=, current

bo¥-gqs-p=z,current bid-gs-p=,current
Ll Ll Messaqge Area Start
Close Duplicate

|+ |
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File Edit Dp.e-rate' Project Windows Help

s [

0.247- 0

Flane Selection

Blue Horizontal |

]

# of points to read

giélfléfﬂn .
2Hz skew quad modulation 0
Fointer
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T e P
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d.EEEEIE| ? yes 550
i T"4Hz 35dB peak o0
SNAP Error () z pea 450
Buffer Wrap Errar O 400
f‘ \ 350
‘ J00
Sample Rate 389.00 ‘ 250
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display unit ﬂ Wrms | 100
Surm [0.25 "
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Resonances
[

What drives beam into Resonances?
e Tune

 Space Charge

Chromaticity (tune spread)
 Non-linearities

Coupling
o 999
Islands
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Digression to Islands

*Island tune 1s precise — narrowband measurement
* Amplitude is large — power goes as square

*Power spectral density - S/N ~ N2x?/8f (coherent)
*Inside separatrix N~10!!, x ~0.5mm, 6f ~1KHz
*Fraction excited by PLL ~ a few percent
*In island N~10?, x ~5mm, 6f ~10Hz

*Down 40dB, island N~107 (coherent)

*Experience — PLL locks on 1slands in RHIC

Montauk May 03 97



‘Typical’ PLL FFT

RHIC Polarized Protons 2003 Elog Wed Apr 30 2003 160755 - Netscape

Object - Netscape
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Blue Horizontal w|

=127 5
#of points to read -130.0-
- | 2 =
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P d 10 0E+0 15.0E+0 200E+0 | 30.0E+0 35.0E+0 /=




Island at 2/9 in RHIC?

Kickers off

Position dependence of
excitation frequency?s=C

resonance
compensation?

File Edit Operate Tools Browse ‘Wincow Help

3
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‘Applicable’” Mechanisms

«  Mismatch fas {
e Resonances
 e-cloud effects
 Instabilities

e Beam-beam v

e«  Tune modulation slow

Montauk May 03 30



16

Time [min|

e-cloud coherent tune shift

[ | .
W. Fischer et al

0.2410 T . . T . .
0.2405
0.2400 |
0.2395

0.2390

Tune Q, (2nd peak)

a

. g
BC o B ‘ o

n}

02385 | = U0 a —— Q, = 0.2390 + 2.00x10° n (corr = 0.775)

0.2380 1 O 1 1 I I

0.2310

110 bunches filled in

0.2300

0.2290

Tune Q, (1st peak)

Tune 0.250 0.2280

0.22?0 1 Il Il 1 Il 1

Injected bunch number n

Montauk May 03 31

70



‘Applicable’” Mechanisms

«  Mismatch fas {
e Resonances
 e-cloud effects
 Instabilities

e Beam-beam v

e«  Tune modulation slow
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Schottky Coherence

aE20

8E10

2E00

2530

2580

8570

At store, beams 1n collision. Double revolution line,

coherence not centered

in schottky spectrum
oo Ao A N VA it fy it M g, o At

100 200 200 400 R0 [als] 00 200 900 1000 1100 1200 1300 1400 1500 1600
time of day

Montauk May 03
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‘Applicable’” Mechanisms

«  Mismatch fas {
e Resonances
 e-cloud effects
 Instabilities

e Beam-beam v

e«  Tune modulation slow

Montauk May 03 34



Tune

W. Fischer et al

0,213
0,212

0,211

o7

0,209 {

0,208 \i,
t
0.208 \)J ’

0,205 V‘ \/FII

0.204

——y T

Beam-beam tune shift at flattop
Yellow ring (protons RHIC 2001)

uncog
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T R

' precess

—
—_—

.

16:07:21  1G6:07:25 1630723 16:07:33  16:07:37  16:07:41  16:07:45 16107143 16:07:53  16:07:57  16:083:01 16308106 16:08;03  16:08:13  16:08:17  16:08:21  16:08:25

desiredTune, yh[#]
qLoopTune,.yv lockBuf FH[ %]
qloopStrength,uf rdeltaStrengthBuffH s valueAndTime[* ]

—  desiredTune, yv[*]
——  qloopTune, uh? tuneBuffi ivalueAndTime[ ] qloopTume, ywt tuneBuf fid s valueBndTime [ *]

time of day

qLoopTune, yh: lockBuFFH[*]

qLoopStrength,yd:deltaStrengthBuf i valuendTime[*]



‘Applicable’” Mechanisms

«  Mismatch fas {
e Resonances
 e-cloud effects
 Instabilities

e Beam-beam v

e  Tune modulation slow
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‘Typical’ PLL FFT
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Kinds of Tune-based Tools

* Tools to Diagnose Halo-forming conditions
Tools to Avoid Halo formation
* Tools to Diagnose existing Halo

 Tools to Remove Halo
* Gap cleaning

 Halo cooling
« 777
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Emittance and deltap/p thru 16hr store
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Conclusions

* A variety of tune-based tools exist to Diagnose
and help Avoid Halo-forming conditions

* Tune-based tools to Diagnose existing Halo are
difficult, but possibilities exist

* We are looking for 1deas
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